Background: Early endoscopic lesions following resection for Crohn's disease (CD) are often observed. Currently, the relationship between this endoscopic observation and subsequent occurrence of CD lesions or recurrence is not understood well, but should be valuable in the context of predicting CD course. This prospective study was to investigate the impact of early endoscopic lesions on future clinical recurrence rates following ileocolonic resection for CD. Methods: Forty patients who had maintained clinical remission, CD activity index (CDAI) <150 with mesalazine during 6 months after ileocolonic resection for CD were included. At 6 months after surgery, ileocolonoscopy was performed, and the endoscopic activity score at the proximal site of the anastomosis was determined according to Rutgeerts. All patients were regularly monitored for 5 years, and clinical recurrence was defined as CDAI ! 150. Corticosteroids, immunosuppressants, or biological agents were not given unless there was clinical recurrence. Results: At 6 months after surgery, the endoscopic scores were i0 or i1 in 27 patients, i2 in seven patients, i3 in four patients, and i4 in two patients. During the following 5 years, the clinical recurrence occurred in three (11%) patients with endoscopic score of i0 or i1, four (57%) patients with i2 score, three (75%) patients with i3 score, and two (100%) patients with i4 score, showing a significant positive correlation (p ¼ 0.001) between the endoscopic severity of the proximal site of the anastomosis at 6 months after surgery and the clinical recurrence rate during the following 5 years. Conclusions: The assessment of endoscopic lesions at the proximal site of the anastomosis appeared to be valuable for predicting subsequent clinical recurrence after ileocolonic resection for CD. Further studies in larger cohorts of patients are warranted to strengthen our findings.
Introduction
In the management of Crohn's disease (CD), postoperative recurrence is common, and many patients require repeat operations. 1 Within 1 year after ileocolonic resection for CD, endoscopic lesions were observed at the proximal site of the anastomosis in approximately 70% of the patients, although only 20% of the patients developed recurrent clinical symptoms (clinical recurrence). 2 Thus, early endoscopic lesions are frequently observed in patients without clinical recurrence after resection for CD.
Rutgeerts and colleagues 2 reported that patients with severe endoscopic lesions within 1 year after resection developed early clinical recurrence. In contrast, patients with no or mild endoscopic lesions had a low frequency of subsequent clinical recurrence. The severity of the endoscopic inflammation at the proximal site of the anastomosis during the first year after resection was reported to be a reliable predictive risk factor for future clinical recurrence.
To the best of our knowledge, since the report by Rutgeerts and colleagues in 1990, 2 there have been no prospective studies examining the impact of endoscopic lesions at the proximal site of the anastomosis on subsequent clinical recurrence rates after resection for CD. Currently, the relationship between this endoscopic observation and subsequent recurrence is not understood well, but it should be valuable in the context of predicting CD course. This prospective study was undertaken to investigate the impact of early endoscopic lesions on the clinical course of patients following ileocolonic resection for CD. The relationship between endoscopic findings at the proximal site of the anastomosis and subsequent clinical recurrence rates were analysed. Furthermore, factors affecting endoscopic findings and clinical recurrence rates were investigated.
Methods Patients
This was a prospective cohort study conducted at a single centre. The study was carried out in accordance with the principle of good clinical practice, the Declaration of Helsinki and the study protocol was reviewed and approved by our Institutional Review Board. Inclusion criteria were: (1) patients who were between 15 and 70 years of age; (2) those who underwent ileocolonic (including previous anastomosis) resection with primary ileocolonic anastomosis for active CD; (3) those who remained in clinical remission (CD activity index, CDAI, score 3 < 150) with mesalazine treatment (Pentasa 3 g/day) during 6 months after resection; (4) those who agreed to undergo endoscopic examination at 6 months after surgery; and (5) those who agreed to continue the medical treatment with mesalazine until clinical recurrence (CDAI score ! 150) was confirmed. Exclusion criteria were: (1) patient who had gastroduodenal, jejunal, or proximal ileal disease at the time of operation; (2) those with active colonic or anorectal disease in endoscopic examination at 6 months after resection; and (3) those who had received corticosteroids, immunosuppressants, or biological agents after surgery. Forty patients who met our inclusion criteria were entered into this study at 6 months after surgery. The baseline characteristics of the patients are presented in Table 1 .
Endoscopic examination
At 6 months after surgery, ileocolonoscopy was performed in all patients, and the endoscopic activity score at the proximal site of the anastomosis was determined according to Rutgeerts. 2 Rutgeerts score is a well-established endoscopic scoring system based on examination of the ileal segment proximal to ileocolonic anastomosis: i0, no lesions; i1, up to five aphthous lesions; i2, more than five aphthous lesions with normal mucosa between the lesions, or skip areas of larger lesions or lesions confined to the ileocolonic anastomosis; i3, diffuse aphthous ileitis with diffusely inflamed mucosa; and i4, diffuse inflammation with larger ulcers, nodules, and/or narrowing. The patients were blinded to endoscopic findings because if not blinded then the endoscopic findings could impact on subjective symptoms and lead to lower or higher CDAI scores.
Follow up
All patients were reviewed regularly in our clinic for the following 5 years after the endoscopic examination. All patients were instructed to record their symptoms in a diary every day. At clinic visits, height, bodyweight, general wellbeing, fever, stool frequency and consistency, and presence or absence of abdominal pain and tenderness, tenesmus, and rectal bleeding were examined. Peripheral blood samples were collected for measurements of white cell count, haemoglobin, platelet count, C-reactive protein, and albumin. The clinical disease activity was assessed according to the CDAI score, and clinical recurrence was defined as a CDAI score of !150. Corticosteroids, immunosuppressants, or biological agents were not given, and all patients were treated with continuing mesalazine (Pentasa 3 g/day) unless there was clinical recurrence. 
Statistical analysis
Comparisons of frequencies were done using the chisquared test with Yates' correction. Means between the groups were compared using the unpaired Student's t-test. p < 0.05 was considered statistically significant.
Results
At 6 months after surgery, the endoscopic scores were i0 or i1 in 27 patients, i2 in seven patients, i3 in four patients, and i4 in two patients. During the following 5 years, 12 (30%) of the 40 patients had clinical recurrence. Clinical recurrence (CDAI score ! 150) occurred in three (11%, 95% confidence interval -1 to 23%) patients with endoscopic score of i0 or i1, four (57%, 95% CI 20 to 94%) patients with i2 score, three (75%, 95% CI 33 to 117%) patients with i3 score, and two (100%) patients with i4 score, showing a significant positive correlation (p ¼ 0.001) between the endoscopic severity of the proximal site of the anastomosis at 6 months after surgery and the clinical recurrence rate during the following 5 years (Figure 1 ). To search for parameters which might have impacted the endoscopic severity at 6 months after surgery, the relationship between endoscopic severity and clinical and laboratory parameters was investigated. Patients were classified into two groups according to endoscopic severity: low-grade inflammation (n ¼ 27), an endoscopic score of i0 or i1; and high-grade inflammation (n ¼ 13), a score of i2, i3, or i4. The relationship between the baseline clinical parameters and endoscopic severity at 6 months after surgery is presented in Table 2 . None of these parameters affected the endoscopic severity. The mean AE SE CDAI score at 6 months after surgery was 99 AE 4 in patients with lowgrade inflammation vs. 104 AE 5 in those with high-grade inflammation (p ¼ 0.39).
The relationship between endoscopic severity and laboratory parameters at 6 months after surgery is presented in Table 3 . The mean serum C-reactive protein level was higher in patients with high-grade inflammation than in those with low-grade inflammation. However, the difference did not statistically significant. The mean serum albumin level was lower in patients with high-grade inflammation than in those with lowgrade inflammation, but the difference was not statistically significant.
Factors affecting the occurrence of clinical recurrence (CDAI score ! 150) were also investigated (Table 4) . Age, gender, duration of CD before entry, smoking habit, previous surgery, and concomitant abscess or fistula presented at laparotomy did not significantly affect the incidence of clinical recurrence. Only endoscopic severity of the proximal site of anastomosis at 6 months after surgery significantly affected the clinical recurrence rates. Figure 1 . The relationship between the endoscopic severity of the proximal site of the anastomosis at 6 months after ileocolonic resection and the clinical recurrence rate during the following 5 years.
Discussion
In this study, we selected a well-defined and homogeneous group of patients according to the rigorous inclusion and exclusion criteria. We included patients who underwent curative ileocolonic resection with primary anastomosis for CD. The indication for surgery was bowel obstruction in all patients. Only four patients had concomitant perforating disease (abscess or fistula) at laparotomy. In our clinical practice, when patients have severe abscess or fistula at laparotomy, we avoid anastomosis or create diverting stoma following bowel resection. In this study, we excluded patients who did not have primary anastomosis or who required diverting stoma to protect anastomosis. During this study, all patients were treated with continuing mesalazine (Pentasa 3 g/day) unless there was clinical recurrence.
We have decided to perform endoscopic examination at 6 months after surgery because severe endoscopic recurrence confirmed at 1 year or later postoperatively does not respond well to any medications in our experience. This timing is earlier than that in the study by Rutgeerts and colleagues. 2 More evidence is necessary to determine the most appropriate timing for postoperative endoscopy.
In this rigorous study, we confirmed a very significant positive correlation between the endoscopic severity of the proximal site of the anastomosis at 6 months after ileocolonic resection and the clinical recurrence rate during the following 5 years. The assessment of endoscopic lesions at the proximal site of the anastomosis was valuable for predicting subsequent clinical recurrence after ileocolonic resection for CD.
We failed to find any significant correlation between the clinical parameters at baseline and the endoscopic severity of the proximal site of the anastomosis at 6 months after surgery. Similarly, we found no significant correlation between the laboratory parameters at 6 months after surgery and the endoscopic severity. Further, the CDAI score at 6 months after surgery did not significantly correlate with the endoscopic severity. These results suggest that it is not possible to predict endoscopic severity using the clinical findings at the time of surgery or laboratory markers after surgery.
Several studies have reported that faecal calprotectin showed a close correlation with endoscopic inflammation in patients with CD and ulcerative colitis. [4] [5] [6] [7] Faecal calprotectin appears to be useful for the assessment of endoscopic disease activity. After surgery for CD, faecal calprotectin measurement may be valuable for detecting early endoscopic lesions. We are now conducting a prospective study to investigate the relationship between faecal calprotectin and endoscopic findings after ileocolonic resection for CD. The identification of risk factors for postoperative recurrence can help to determine optimal strategies for medical therapy after surgery. Smoking and perforating disease are reported to be significant risk factors for postoperative recurrence. [8] [9] [10] We also searched for factors which might have affected the clinical recurrence rates. None of the following factors appeared to affect the incidence of the clinical recurrence: age, gender, duration of CD, smoking habit, previous surgery, and concomitant abscess or fistula at laparotomy. Only endoscopic severity of the proximal site of anastomosis at 6 months after surgery significantly affected the clinical recurrence rates. Therefore, endoscopic examination is the optimal method to precisely predict subsequent recurrence after surgery for CD.
The main limitation of our study is the relatively small sample size. We had a well-defined and homogeneous group of patients, and this should partly compensate for the sample size not being large enough. The findings of this investigation should be strengthened by a future study involving a large cohort of patients to fully evaluate the impact of early endoscopic lesions on the clinical course of patients following ileocolonic resection.
Based on the results in our study, patients who postoperatively develop early endoscopic lesions (i2, i3, or i3) despite optimal mesalazine therapy may not benefit from continuing mesalazine. For such patients, more powerful medications should be considered. In contrast, the majority of patients with no (i0) or mild (i1) endoscopic lesions have a low frequency of subsequent clinical recurrence and prolonged periods of remission with mesalazine treatment.
In conclusion, the results in the present study are valuable not only for identifying patients with a high risk of recurrence after surgery for CD but also for creating an integrated management strategy for prevention of postoperative recurrence. The early endoscopic inflammation at the proximal site of the anastomosis after ileocolonic resection is a suitable model to investigate the pathogenesis of CD and also to evaluate new therapeutic modalities for prevention of progressive recurrence.
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